Municipal wastewater treatment using sequential activated sludge reactor and vegetated submerged bed constructed wetland planted with Vetiveria zizanioides by Badejo, A.A et al.
M
r
w
A
a
b
c
a
A
R
R
2
A
K
B
s
V
w
M
V
1
c
w
w
m
M
s
l
a
v
i
e
t
a
s
A
h
0Ecological Engineering 99 (2017) 525–529
Contents lists available at ScienceDirect
Ecological  Engineering
jo ur nal home p age: www.elsev ier .com/ locate /eco leng
unicipal  wastewater  treatment  using  sequential  activated  sludge
eactor  and  vegetated  submerged  bed  constructed  wetland  planted
ith  Vetiveria  zizanioides
dedayo  A. Badejoa,b,∗, David  O.  Omolea,c,  Julius  M. Ndambukia,  Williams  K.  Kupolati a
Department of  Civil Engineering, Tshwane University of Technology, Private Bag X680, Pretoria, 0001, South Africa
Department of  Civil Engineering, Federal University of Agriculture, Abeokuta, P.M.B 2240, Ogun State, Nigeria
Department of Civil Engineering, Covenant University, P.M.B. 1023, Ota, Nigeria
 r  t i  c  l  e  i  n f  o
rticle history:
eceived 15 December 2015
eceived in revised form
1 September 2016
ccepted 13 November 2016
eywords:
iological nutrient removal activated
a  b s  t r  a  c t
This  study  investigated  a sequential  system  consisting  of  Biological Nutrient  Removal  Activated  Sludge
(BNRAS)  and  Vegetated  Submerged  Bed  Constructed  Wetlands  (VSBCW).  The  BNRAS/VSBCW  combina-
tion  removing  pollutants  from  municipal  wastewater in  a  developing  country  was examined.  Wastewater
from  the  anaerobic,  anoxic  and  aerobic  zones  of  the  BNRAS  was fed into  12  pilot  VSBCW consisting  of
1000  L plastic tanks  having  500  mm  deep 10–15 mm diameter  granite  substrate  planted  with  Vetiveria
Zizanioides.  Irrigation  of macrophytes  using efﬂuent  from  the  BNRAS was done after  3 months  of planting
and  the VSBCW  efﬂuent  analyzed.  Wastewater samples  were  collected  and analyzed  using  standard  pro-ludge
egetated submerged bed constructed
etland
unicipal wastewater
etiveria zizanioides
cedures.  Percentage  removal  of 96.6,  96.93,  and 97.21%  of  COD; 33.33,  85.71,  and  92.48% of  Nitrate/Nitrite;
53.51,  46.45,  and 88.78%  of  Sulphate;  and 98.34,  99.72,  and  99.6% of TSS  were obtained from  the  anaerobic,
anoxic  and  aerobic  zones  respectively.  Removal efﬁciency  from the anaerobic  zone  efﬂuent  was  highest
during  the  study  period.  VSBCW  using  locally  available  macrophytes  V. Zizanioides  in combination  with
BNRAS  was  found  efﬁcient in  municipal  wastewater  treatment.
©  2016  Elsevier  B.V. All rights reserved.. Introduction
The Biological Nutrient Removal Activated Sludge (BNRAS) pro-
ess comprising of biological reactor and a secondary settler is used
idely as secondary treatment for both municipal and industrial
astewaters. There are problems associated with BNRAS which
akes it difﬁcult to recycle its efﬂuents directly. According to
artins et al. (2004); Graham and Smith (2004),  unsuccessful
ludge settlement and failure of wastewater treatment due to
oss or inactivation of key populations are some of the problems
ssociated with BNRAS efﬂuents. Wastewater treatment using con-
entional BNRAS requires long sludge age for nitriﬁcation and there
s always difﬁculty in near complete nitrogen removal (Muller
t al., 2004). To achieve higher efﬂuent quality, membrane sys-
ems such as microﬁltration, ultra ﬁltration and reverse osmosis
re used (Bai and Leow, 2002). This treatment processes are expen-
ive and requires high level of skill workers. External Nitriﬁcation
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925-8574/© 2016 Elsevier B.V. All rights reserved.is employed in some cases as observed in Muller et al. (2004).  How-
ever, there is need for low cost alternative tertiary wastewater
treatment systems which Constructed Wetlands provide.
Constructed Wetland (CW) is a cost-effective wastewater treat-
ment alternative with promising performance to treat domestic,
agricultural and industrial wastewater (Badejo et al., 2015:  Kouawa
et al., 2015). CWs  act as bio-ﬁlters to remove nutrients, pathogenic
microorganisms, persistent organic pollutants and trace elements
from industrial and domestic wastewater (Kadlec and Wallace,
2009; Brix, 1997). They are engineered ecosystems that use natural
processes involving wetland vegetation, soils and microbial assem-
blages in improving the quality of water usually in a controlled
environment (Maine et al., 2007; Vymazal, 2011).
CWs  are complex matrix of distinct aerobic and anaerobic treat-
ment zones. They are wastewater treatment facilities duplicating
the processes occurring in natural wetlands. Constructed wetlands
can be classiﬁed based on the type of macrophytic growth (emer-
gent, submerged, free ﬂoating and rooted with ﬂoating leaves) or
the water ﬂow regime (surface ﬂow, sub-surface, vertical or hor-
izontal ﬂow). They are classiﬁed broadly as Free water surface
(FWS) wetlands or surface ﬂow (SF) constructed wetlands, and
